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Abstract. The retinal pigment epithelium (RPE) has the essential role of providing oxygen and nutrients 
to the photoreceptors but also to removes their debris and metabolites. The RPE is subject to continuously and 
high level of oxidative stress.  RPE use endogenous enzymatic and non-enzymatic antioxidants as a mechanism 
of reactive oxygen species (ROS) detoxification. RPE is also particularly rich in non-enzymatic antioxidants 
such are tocopherols, ascorbic acid, lutein and zeaxanthin. 
In this study we investigated the ability of RPE cultured cells to incorporate lutein and zeaxanthin, in free 
and esterified forms, the carotenoid effect on cell culture viability and on cell antioxidant defense. Carotenoids 
were delivered to the cell culture using small amounts of tetrahydrofuran added to the fetal calf serum. The 
incorporation yield was determined by UV-Vis spectrophotometry, the cells viability by MTT assay and the 
antioxidant effect by intracellular ROS assay (DCF-DA). 
Human RPE cultured cells can incorporate the major dietary carotenoids, lutein and zeaxanthin. The 
highest incorporation yield was found for zeaxanthin, with 8.1 % of incorporation yield, while lutein 
incorporation yield was 7.12 %.  Esterified xanthophylls can not be incorporated into RPE cells. Lutein and 
zeaxanthin administrated to RPE cells does not significantly influence the cell viability. They showed a small 
positive effect on the cell viability in a concentration of 10 µM in the culture media. Lutein and zeaxanthin have 




The retinal pigment epithelium (RPE) represents the barrier between the photoreceptors 
and the choriocapillaris.  RPE have the essential role of providing oxygen and nutrients to the 
photoreceptors but also to removes their debris and metabolites. The RPE is subject to 
continuously and high level of oxidative stress, as a result of phagocytosis of rod outer 
segments, of the high metabolic rate and high oxygen consumption, and of the presence of 
photosensitizing compounds [Beatty et al., 2000; Kopitz et al., 2004; Davies et al., 2001].  
RPE and other cells use endogenous enzymatic and non-enzymatic antioxidants as a 
mechanism of reactive oxygen species (ROS) detoxification. Several antioxidant enzymes 
were found to be involved in the primary or secondary antioxidant defense of RPE cells: 
catalase, glutathione peroxidase, glutathione S-transferase, CuZnSOD and MnSOD, heat 
shock protein 27 and 90, heme oxygenase [Kasahara et al., 2005; Singhal et al., 1999; 
Decanini et al., 2007; Jarrett and Boulton, 2005]. RPE is also particularly rich in non-
enzymatic antioxidants such are tocopherols, ascorbic acid, lutein and zeaxanthin [Snodderly 
et al, 1984; Sommerburg et al, 1999; Khachick et al, 1997; Rapp et al, 2000]. 
The RPE is essential for photoreceptor survival and maintenance of vision and the loss 
of RPE cells are related to several eye diseases (AMD, retinitis pigmentosa, etc.). A large 
number of studies suggest that oxidative stress might play a role in the etiology of many 
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neurodegenerative diseases, including AMD.  Lutein and zeaxanthin are the only carotenoids 
in human plasma accumulating in human retina. It was demonstrated that a high concentration 
of these two pigments in plasma is correlated with an increase of macular pigment density and 
a reduced risk of Age-related Macular Degeneration. An important property of carotenoids in 
retina is the absorption of blue-light, acting as filter pigments and reducing the photo 
oxidation processes. These pigments were identified in different anatomic structures of the 
retina, including the Retinal Pigment Epithelium (RPE). The aims of this study were to 
investigate the ability of RPE cultured cells to incorporate lutein and zeaxanthin, in free and 
esterified forms, to evaluate the carotenoid effect on cell culture viability and on cell 
antioxidant defense. 
 
MATERIAL AND METHOD 
 
D407 RPE cells were cultivated in high glucose DMEM and supplemented with 10% 
fetal calf serum.  Cells were grown in culture flasks or in 96-well culture plates under a 5% 
CO2/95% moist air atmosphere at 37° C. Lutein and zeaxanthin (free and esterified) purified 
from vegetal sources were dissolved in small amounts of tetrahydrofuran (THF) in order to 
have a final concentration of THF lower than 0,5 % in the culture media. Carotenoids were 
added to the confluent cells and incubated for 24 and 48 h.  The cells were collected by 
trypsination with 0.05% trypsin in phosphate buffer saline (PBS), treated with Triton X 100 
and subjected to carotenoids extraction with solvents. The incorporation yield of carotenoids 
was determined by UV-Vis spectrophotometry.   
Determination of cell viability was made by MTT 3-(4, 5-dimethylthiazol-2-yl)-2, 5-
diphenyltetrazolium bromide) assay. Cells cultivated in 96 well plates were washed with PBS 
and incubated with MTT during 1 hour, at 37 °C. The MTT solution was removed and cells 
treated with DMSO. The absorbance was measured at 492 nm. 
Intracellular reactive oxygen species was estimated with 2’, 7’-dichlorofluorescein 
diacetate which is hydrolyzed and then oxidized by ROS to the fluorescent dichlorofluorescin 
(DCF) [LeBel et al, 1992]. The fluorescence of DCF was measured during 4 hours, at 1 hour 
intervals with the excitation wavelength at 485 nm and emission wavelength at 530 nm. 
 
RESULTS AND DISCUSIONS 
 
The human food chain contains a large number of carotenoids but only 34 were 
identified in human plasma, 6 of them in more important concentration: β-cryptoxanthin, 
lycopene, β-carotene, lutein, zeaxanthin and α-carotene [Khachik et al, 1997]. Human retina 
accumulates only two dietary xanthophylls: lutein and zeaxanthin, in a concentration which is 
thousand times higher than in any other tissue. It was demonstrated that polar carotenoids 
incorporate better in biological membranes, including retinal cells [Daicker et al, 1997; Pintea 
et al, 2005; Pintea et al, 2006; Shafaa et al, 2007].  
Lutein and zeaxanthin were administrated in RPE cell culture in physiological 
concentration of 20 nmols/106 cells in both free and esterified forms. As can be seen in the 
Table 1, lutein and zeaxanthin in free forms reach a concentration of 1.40 and, respectively 
1.62 nmols/ 106 cells, after 24 hours. Zeaxanthin cellular concentration was higher than those 
of lutein. In the central part of macula, zeaxanthin is the major pigment even if his 
concentration in plasma is only 4 % of total carotenoids. The high degree of zeaxanthin and 
lutein uptake by RPE cells can partially explain the accumulation of these two pigments in the 




Fig. 1.  Absorption spectra of Lutein (LUT) and Zeaxanthin (ZEA) from RPE cells after 48 h  
 
Lutein and zeaxanthin are often found in food in their esterified form. Medium chain 
saturated fatty acids such are miristic, palmitic and stearic acid, form an esteric bound with 
the hydroxyl group of xanthophylls. The resulted xanthophylls esters are higher molecular 
weight molecules, with a significantly lower polarity. We showed in this experiment that 
lutein and zeaxanthin in esterified form can not be incorporated in RPE cell membranes. 
These results are consistent with our previous finding that free xanthophylls are much better 
incorporated in liposomes than their esterified forms, most probably because of their low 
polarity [Pintea et al, 2005].  
 
Table 1.  Lutein and zeaxanthin uptake and incorporation yield in RPE cells (initial concentration 20 
nmols/106 cells) 









Lutein 1.40 ± 0.07 7.12 ± 0.038 1.35 ± 0.06 6.86 ± 0.38 
Zeaxanthin 1.62 ± 0.08 8.11 ± 0.040 1.60 ± 0.07 8.01 ± 0.40 
Lutein 
esters 
0 0 0 0 
Zeaxanthin 
esters 
0 0 0 0 
 
 Lutein and zeaxanthin administration in cell culture does not strongly influenced the 
cell viability at concentrations of 10 and 20 µM in the culture media (Fig. 2)  














































Sample: 1 - Control, 2 - Lutein, 3 - Zeaxanthin
 
Fig. 2. Cell viability assay with MTT 
  
The main function of xanthophylls in the retina is considered the absorption of blue-
light and their action as that of filter pigments. The antioxidant properties of carotenoids in 
biological systems are well documented and demonstrated. It is possible that lutein and 
zeaxanthin have also a contribution to the antioxidant defense of the retina.  































Fig. 3. ROS generation in RPE cells 
 
Carotenoids are known as efficient quenchers of singlet oxygen and tripled excited 
states of photosensitizing dye molecules. They can also scavenge reactive radicals involved in 
peroxidation of lipids [Krinsky and Johnson, 2005]. It was demonstrated that zeaxanthin in 
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combination with ascorbic acid or alpha-tocopherol protects ARPE-19 cells against 
photosensitized peroxidation of lipids. Cells treated with antioxidants exhibited increased 
viability and accumulates less lipid hydroperoxides than cells without antioxidants 
supplementation [Wrona et al, 2004].  No data about other antioxidant parameters were given 
in the study. In the measurement of reactive oxygen species (ROS) by DCF method, the 
fluorescence intensity is proportional with the amount of ROS generated in the cell. In the 
Fig. 3 is presented the variation of fluorescence intensity in control cells and in cells 
previously incubated with lutein and zeaxanthin. It can be observed that in the control cells 
the fluorescence is higher than in the cells which received carotenoids, as a consequence of 
higher amount of intracellular ROS generation. Lutein and especially zeaxanthin produced a 




Human RPE cells can incorporate the major dietary carotenoids, lutein and zeaxanthin. 
The highest incorporation yield was found for zeaxanthin, with 8.1 % of incorporation yield, 
while lutein incorporation yield was 7.12. Esterified lutein and zeaxanthin can not be 
incorporated in the RPE cells. Lutein and zeaxanthin administrated to RPE cells does not 
significantly influence the cell viability. They showed a small positive effect on the cell 
viability in a concentration of 10 µM in the culture media. Lutein and zeaxanthin have an 
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